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(57) Phosphoric acid diester compounds of the formula : 
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(wherein and R 2 each is the same as or different from the other and represents hydrogen or methyl) 
and pharmacologically acceptable salts thereof suppress hepatic metastasis of tumors and elevation of 
liver lipid peroxide. 



Q. 
LU 



Jouve, 18, rue Saint-Deris, 75001 PARIS 



EP0 674 904 A1 



The present invention relates to useful suppressory compositions against hepatic metastasis of tumors. 
More specifically, this invention relates to suppressory compositions against hepatic metastasis of tumors 
which comprise a phosphoric acid diester compound of ascorbic acid and a tocopherol or a pharmacologically 
acceptable salt thereof. 

5 At present, remarkable progress has been made in the treatment of malignant tumors (cancers) in terms 

of pharmacotherapy, surgical therapy, radiation therapy, etc., but no effective preventive measure is available 
against cancer metastasis, or an indicator of cancer malignancy. In cancer treatment, therefore, the develop- 
ment of an improved suppressory composition against cancer metastasis is highly desired. Cancer metastasis 
is roughly classified into hematogenous metastasis and lymphatic metastasis, and the establishment of cancer 

10 metastasis proceeds through the sequential steps of (1) infiltrative and destructive proliferation of tumor cells 
at the primary site, (2) segregation of tumor cells or cell colonies, (3) migration of tumor cells, (4) fixation or 
establishment and (5) proliferation at the site of fixation. Cancer metastasis is involved particularly in such or- 
gans as the lung, liver and digestive organs, and the present Inventors, with a specific object of developing 
an improved cancer-metastasis suppressory composition, have conducted extensive research studies on the 

15 mechanism of cancer metastasis, inclusive of pulmonary metastases of cancers. 

In a series of such research studies, the present Inventors carried out investigation into the hepatic met- 
astasis of malignant tumors. Intensive research was performed on the basis of the hypothesis that the level 
of intrahepatic or liver lipid peroxide (LPO) would rise due to surgical invasion, or stress, and in turn damage 
the vascular endothelia, resulting in enhanced hematogenous metastasis to the liver of malignant tumors. As 

20 a result, it was revealed that surgical invasion promotes the hepatic metastasis of tumors and elevates the level 
of liver lipid peroxide. This novel finding was followed by further research to seek an improved suppressory 
composition against hepatic metastasis of tumors. It was found that a kind of phosphoric acid diester compound 
suppresses effectively not only elevation of the level of liver lipid peroxide but also nodulation of tumors on 
the liver surface and provides a promising suppressory composition against hepatic metastasis of malignant 

25 tumors. 

The present invention provides the use of a phosphoric acid diester compound represented by the following 
formula (I): 




(wherein and R 2 each is the same as or different from the other and represents hydrogen or methyl), or a 
pharmacologically acceptable salt thereof (hereinafter referred to collectively as "Present Compounds") in the 
45 manufacture of a medicament for suppressing hepatic metastasis of tumors or the elevation of liver lipid per- 
oxide. 

The Present Compounds can suitably be synthesized, by, for example, methods such as those described 
in JP-A-2-44478 (1990) and JP-A-62-205091 (1982). 

The Present Compounds are already known to have application in a wide variety of fields, such as as anti- 

50 cataract agents, prophylactic and therapeutic agents for climacteric disorders, as cosmetics exhibiting skin- 
beautifying activity (JP-A-2-44478 (1990)), as anti-inflammatory agents (JP-A- 1-27044) and as antiulcer 
agents (JP-A-63-270626 (1988)) and as prophylactic and therapeutic drugs for ischemic diseases of the or- 
gans (JP-A-2-111722 (1990)). However, it was not previously known that the Present Compounds are useful 
as suppressory agents against hepatic metastasis of tumors. 

55 The Present Compounds can suitably be utilized in the form of either the free acids or pharmacologically 

acceptable salts for the objective of this invention. As pharmacologically acceptable salts, there may be ex- 
emplified alkali metal salts, such as sodium and potassium salts, and alkaline earth metal salts, such as cal- 
cium and magnesium salts. However, any other pharmacologically acceptable salts can be used. 
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Suppressory compositions against hepatic metastases of tumors can be formulated with one or more of 
the Present Compounds depending upon the intended purpose and necessity. 

The Present Compounds exhibit extremely low toxicity and good safety. For example, the potassium salt 
of a phosphoric acid diester of L-ascorbic acid and DL-a-tocopherol (hereinafter referred to briefly as "EPC- 
5 K") shows LD5Q values of 5 g/kg p.o. (in rats) and not less than 1 00 mg/kg i.v. (in rats). 

The Present Compounds can suitably be used orally or parenterally (for example, by way of intravenous 
injection, subcutaneous injection, intramuscular injection and drip infusion). They can suitably be processed 
and formulated by conventional methods in either solid dosage form such as tablets, granules, powders and 
capsules or liquid preparations, such as injectable solutions. These pharmaceutical preparations may suitably 
10 incorporate a variety of conventionally used additives, such as excipients, binders, disintegrating agents, dis- 
persants, reabsorption promoters, buffers, surfactants, solubilizers, preservatives, emulsifiers, isotonizing 
agents, stabilizers and pH regulating agents. 

Doses of the Present Compounds required to suppress hepatic metastases of tumors vary depending upon 
the actual compound(s) used, the age, body weight and sex of the patient and the symptoms of diseases as 
15 well as the type of dosage form. Usually, the Present Compounds are desirably administered to human adults 
at a single dose in the range of 0.5 to 200 mg, preferably 2 to 50 mg, once a day in the case of injectable sol- 
utions, and at a single dose in the range of 5 to 2,000 mg, preferably 20 to 500 mg, several times a day in the 
case of preparations for internal use. 

Unless contraindicated, the Present Compounds may be used with other suppressory compounds against 
20 hepatic metastasis of tumors and/or other active agents capable of producing different medicinal effects. 

The following Examples and Preparation Examples illustrate this invention in more detail, but the present 
invention is limited by these Examples. In the accompanying drawings: 

Fig. 1 is a graph showing the numbers of tumor nodules on the liver surface (plotted on the ordinate) as 

found in the group undergoing laparothoractomy (Group LT), group undergoing laparotomy (Group L) and 
25 control group (Group C), respectively; 

Fig. 2 is a graph showing changes in level of liver lipid peroxide (LPO, nmol/g; plotted on the ordinate) as 

found in the group undergoing laparothoractomy (Group LT), group undergoing laparotomy (Group L) and 

control group (Group C), respectively; 

Fig. 3 is a graph showing levels of liver lipid peroxide (LPO, nmol/g; plotted on the ordinate) as determined 
30 24 hours after surgical invasion (laparothoractomy) inflicted in the group not treated by administration of 

a Present Compound (Group C) and group treated by administration of EPC-K (Group EPC-K), respec- 
tively; and 

Fig. 4 is a graph showing the numbers of tumor nodules on the liver surface (plotted on the ordinate) as 
determined 3 weeks later in the group not treated by administration of a Present Compound (Group C) 
35 and group treated by administration of the EPC-K (Group EPC-K), respectively. 

Example 1 

Experiments on hepatic metastasis of tumor in relation to a level of liver lipid peroxide : 

40 

Using a model of hepatic metastasis of tumor, an experiment was conducted to determine the correlation 
of hepatic metastasis of tumor with the level of liver lipid peroxide (LPO). In addition, an experiment was con- 
ducted to determine the suppressory effect of EPC-K on liver lipid peroxide (LPO) and on hepatic metastasis 
of tumor. 

45 

Method : 

Male Donryu rats (ca. 10-weeks old) were employed as the experimental animal, while AH60C cells (de- 
rived from rat hepatoma) were used as the tumor cell. The rats were divided into three groups, namely a lap- 
so arothoractomy group (Group LT) undergoing intratracheal intubation, followed by thoracolaparotomy for one 
hour, a laparotomy group (Group L) undergoing only laparotomy for one hour and a control group (Group C) 
undergoing laparotomy, followed by immediate closure of the abdomen. The rats were subjected to laparotomy 
under anesthesia with ether and Ketalar and given 5 x 1 05 of AH60C cells through the portal vein to inflict sur- 
gical invasion, followed by laparotomy three weeks later to determine the number of tumor nodules on the liver 
55 surface. In addition to this, the serum samples were drawn, while the liver and lung tissues were isolated, on 
Disease Days 1 , 2 and 3 to determine their respective levels of lipid peroxide by the TBA method. 

Then, the LT group was subdivided into a group treated an hour before surgical invasion by intravenous 
injection of EPC-K at a dose of 5 mg/kg (Group EPC-K) and a group not treated with a Present Compound 
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(Group C) to determine levels of liver lipid peroxide 24 hours later as well as numbers of tumor nodules on the 
liver surface 3 weeks later. Test of data was done by Mann-Whitney U method. 

Results : 

5 

The number of tumor nodules on the liver surface was found to be 40.6 ± 29.7 in Group LT, 15 ± 15.8 in 
Group L and 13.7 ± 9.4 in Group C, respectively (Refer to Fig. 1). Group LT showed significant difference (p 
< 0.05) against Groups L and C. 

The level of liver lipid peroxide was found to be 16.6 ± 3.8 nmol/g (n = 4) in Group C, which figure was 

10 taken as a prior value. The surgical invasion raised the levels of intrahepatic lipid peroxide, which reached a 
peak on Disease Day 1 ; 93.9 ± 22.5 nmol/g in Group LT, 102.3 ± 53.6 nmol/g in Group L and 66.9 ± 25.5 nmol/g 
in Group C (refer to Fig. 2). There was no significant difference between Groups LT and C, but Group LT dis- 
played a tendency toward elevated level of liver lipid peroxide. On Disease Day 3, the levels were found in 
three groups to return nearly to the prior value. However, the lipid peroxide levels in the serum and lung re- 

15 mained unchanged, with no difference being noted among these three animal groups. 

Prior administration of EPC-K at a dose of 5 mg/kg caused the level of liver lipid peroxide 24 hours later 
to decrease to 18.9 ± 7.9 nmol/g, showing to significantly suppressed elevation of the level (p < 0.05) (refer 
to Fig. 3), and reduced the numbers of tumor nodules on the liver surface and to 8.9 ± 12.7 in Group EPC-K 
compared with 27.2 ± 30.0 in Group C (not treated), showing significant suppression in Group EPC-K (p < 0.01 ) 

20 (refer to Fig. 4). 

Conclusion : 

Surgical invasion, a kind of stress, raised the number of tumor nodules on the liver surface (hepatic met- 
25 astasis) and also increased the level of liver lipid peroxide. EPC-K suppressed both the elevation in level of 
liver lipid peroxide and the increase in tumor nodulation on the liver surface and constitutes a prospective sup- 
pressory agent against hepatic metastasis of tumors. 



Preparation Example 1: 


Tablet for internal use: 


EPC-K 


100 mg 


Lactose 


75 mg 


Starch 


20 mg 


Polyethylene glycol 6000 


5 mg 



The above-described ingredients are mixed and processed into a tablet by conventional tableting proce- 
dure. Sugar coating may be provided to the tablet if necessary. 



40 


Formulation Example 2: 


Injectable solution: 




EPC-K 


200 mg 




Mannitol 


5.0 g 


45 


1N-Sodium hydroxide 


q.s. 




Distilled water 


to 100 ml (pH 6.5) 



The above-described ingredients are mixed and sterile-filtered by the conventional procedure. The filtrate 
is filled sterile in 5 ml portions into glass ampoules, followed by fusing to give ampoules containing an injectable 
solution. 



Claims 

1 . The use of a phosphoric acid diester compound of the formula: 
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CH-OH 
HO-H 2 C 

(wherein and R 2 each is the same as or different from the other and represents hydrogen or methyl) 
or a pharmacologically acceptable salt thereof in the manufacture of a medicament for suppressing hep- 
atic metastasis of tumors or the elevation of liver lipid peroxide. 

A use as claimed in Claim 1, wherein the medicament is for enteral administration. 

A use as claimed in Claim 3, wherein the medicament is for administration at a unit dose of 20 to 500 mg. 

A use as claimed in Claim 1, wherein the medicament is for parenteral administration. 

A use as claimed in Claim 4, wherein the medicament is an injectable solution. 

A use as claimed in Claim 5, wherein the medicament is for administration at a unit dose of 2 to 50 mg. 

Ause as claimed in any one of the preceding claims, wherein the phosphoric acid diester is the phosphoric 
acid diester of 2-ascorbic acid and DL-2-tocopherol. 
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Fig. It Tumor nodules on the liver surface 




Group LT 
(n = 8) 



Group L 
(n = 8) 



Group C 
(n = 7) 
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Fig. 2: Time-course changes in level of liver lipid peroxide 
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Fig. 3: Levels of liver lipid peroxide 24 hours after 
surgical invasion inflicted 



LPO 




Group C 
(n « 6) 
105.5±44.9 



Group EPC-K 
(n = 8) 
18.917.9 
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Fig. 4: Numbers of tumor nodules on the liver surface 3 weeks 
later after surgical invasion inflicted 




Group c 
(n = 12) 



Group EPC-K 
(n = 12) 
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